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Lupulones, which form a constituent of hop resins
which have hitherto been separated and discarded be-
cause of their poor solubility, are converted into a
hulupone-contammg beer-soluble bltter-tastlng prod-

uct by photo-sensitized oxidation in a llqmd alkaline
‘medium. However, the oxidation, which is effected by

- means of oxygen or an oxygen-containing gas in the |
presence of one or more sensitizing dyes and under

the action of visible light, is only partial; it is discon-
tinued when the oxygen consumption resulting from
the reaction exhibits a substantial decline, or when the
fall in pH occurring during the reaction substantially

- ¢ceases.
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PROCESS FOR THE PRODUCTION OF
HULUPONES

This is a continuation of application Ser. No. 348,305
filed Apr. 5, 1973, now abandoned.

This mvention relates to the production of hu]upones
by photosensitized oxidation.

Hop resins contain not only the humulones, which
mainly contribute to the bittering of beer, and certain
undefined soft resins, but also a third group of constitu-
ents, namely the lupulones. Although these lupulones
are very similar in chemical constitution to the humu-
lones, they are separated during brewing and discarded
because of their poor solubility. Their conversion into
bitter-tasting compounds soluble 1n beer or water, how-
ever, would permit a substantial improvement in the
utilization of hop resins. |

This consideration 1s made particularly relevant by a
certain recent development whereby the humulones
are separated from the hop resins and separately isom-
erized. The material remaining after the separation of
the humulones comprises an extract of bitter principles
(known iIn the industry as “Basex’’) which, apart from
being substantially free from humulone, contains up to
50% of lupulones. The conversion of the lupulones
present in this substantially humulone-free material
into products which could be utilized in brewing is
therefore technically very desirable.

It 1s known that lupulones will undergo modifications
of an oxidative character, giving small proportions of
soluble bitter-tasting compounds, which may include
hulupones. The deliberate oxidation of hop resins, so as
to convert the lupulones into soft resins, has also been
attempted, and in this connection reference may, for
example, be made to German Pat. No. 941,965. This
conversion, however, requires relatively long reaction

times, and no well-defined products are obtained; also

the yield 1s poor.

Although the products just mentioned can in princi-
ple be used as bittering substances for brewing pur-
poses, they nevertheless have the disadvantage that,
because of their impurity, and because they are not
completely soluble, they can be added only during the
wort boiling. Not only 1s a poor yield obtained in the
oxidation of lupulones, but also the oxidation products
have to be used differently from the isohumulones.

It 1s an object of the present invention, therefore, to
provide a process for the conversion of lupulones,
which normally cannot be used, into beer-soluble bit-
ter-tasting substances, 1n a good yield and with satisfac-
tory purity, and to provide a conversion product which
can be added at a late stage in the brewing process (for
example after the fermentation), and which can be
used directly (for example for non-alcoholic bitter
beverages), and which can thus be used together with
the 1sochumulones.

More particularly, it is an object of the invention to
effect the formation of hulupones, from lupulones, in a
more rapid reaction and with a better yield than in the
case of the previously proposed methods.

According to the present invention, we provide a
process for the photosensitized oxidation of lupulones
to give a hulupone-contammg beer-soluble bitter-tast-
ing product 1in a hquid alkaline medium by means of
oxygen or an oxygen-containing gas, wherein the lupu-
lones are submitted to an only partial oxidation in the
presence of sensitizing dyes and under the action of

10

15

20

23

30

35

40

45

50

35

60

65

2

visible light, and wherein this oxidation is continued
until the oxygen consumption resulting from the reac-
tion exhibits a substantial decline or until the fall in pH
occurring during the reaction substantially ceases. It
has in fact been found that lupulones are oxidized more
quickly than the reaction products produced and any
impurities which may be present. It i1s assumed that a
6-peroxy-lupulone is primarily formed and under the
reaction conditions is spontaneously transformed into a
hulupone. There is at first a high rate of oxygen con-
sumption, which in the first instance i1s dependent only |

on the energy of the irradiating light.

After conversion of the lupulone present, the oxygen
consumption declines in a marked manner. The reac-
tion is then discontinued, since otherwise the yield of
hulupone will fall again.

A suitable stage at which to discontinue the reaction
can be seen from a graph showing the changes in the
pH as the reaction proceeds; pH monitoring in practice
is generally simpler than monitoring the oxygen con-
sumption. After the alkali, required for forming the
lupulate anion, has been consumed, the pH value of the
reaction solution should preferably still be 11-14, e.g.
12—-13. Alkali 1s consumed in the formation of hulu-
pone, so that in the course of the reaction the pH value
falls continuously until no further hulupone is formed,
and then remains substantially constant. The break in
the fall of the pH value, which should preferably be
between 6.5 and 9, e.g. 7.5 to 8.5, since the break will
be particularly well-defined in that region, is therefore
an indication for the discontinuation of the reaction.
This applies particularly to alcohol-containing reaction
soluttons. In strictly aqueous solutions, a slightly higher
starting pH value has been found convenient, and In
this case the break i the fall of the pH will not be so
well-defined. In this case it 1s generally more advanta-
geous to monitor the oxygen consumption.

It 1s convenient to use a halogen metal vapor lamp
(e.g. a mercury vapor lamp) or a sodium vapor lamp as
a light source. Given an adequate proportion of oxy-
gen, the rate of reaction will depend upon the amount
of light available for the reaction. Particularly good
yields are obtained if the lamp and the sensitizing dye
are matched to one another by being so selected that
the maximum light yield 1s obtained, that is to say the
spectrum of the emitted light 'has a maximum substan-
tially coinciding with the absorption maximum of the
sensitizer.

According to one feature of the invention, use 1Is
made of a sensitizer and solvent which permit the for-
mation of oxylupulone, which can subsequently be
isomerized into 5-prenyl-isohumulone, which also has
bittering properties.

Strongly polar solvents, e.g. water or an alkanol,
acetonitrile, or acetone, or a mixture of one or more of
those solvents with water, are preferably used as a
reaction medium. However any solvent in which the
lupulate anion and the sensitizer are soluble and which
does not 1tself react with the reactant may be em-
ployed. Aqueous methanol and water are particularly
preferred. In the Examples given below, tap water has
been used, for reasons of convenience. The tempera-
ture of the reaction mixture is conveniently kept below
the boiling point of the mixture. Between 20° and 60°C
the temperature has practically no influence on the

speed of reaction.

The invention not only provides a new method of
producing hulupone-containing products from lupu-



3,977,953

3

lones and material containing lupulones, but in addi-
tion permits a substantially higher yield and rate of
reaction to be achieved than in any known process. As
~ already mentioned, not only lupulones but also materi-

4

of the solvent a clear orange-colored oil (_73.2 g) with

‘a hulupone content of 44 weight % 1is obtained.

EXAMPLE 2 | .
A solution of 100 g of lupulone and 18 O gof NaOH'

dissolved in

als containing lupulones, e.g. the substantially humu- 3
lone-free bitter substance (‘‘Basex’’) obtained in the in a mixture of 1 1 of distilled water and 2 1 of methanol,
production of isohumulone, are suitable as starting after the addition of 1.4 g of methylene blue, is treated
materials, and this is of particular interest to the art. with oxygen in the apparatus described in Example 1
Accordingly, a preferred embodlment of the mventlon - and i1rradiated with 1000 W lamp. After 1 hour 50
“makes use of “Basex”’. | o - 10 minutes, the speed of oxygen absorption considerably
‘The product of the process of the invention 1s prefer- - declines, 10.7 I of O, having been absorbed. The expo-
~ably purified by acidifying the reaction medium and - sure is terminated and the reaction solution processed
extracting hulupones in an organic phase, for example as in Example 1. Yield: 56 2 g, w1th a hulupone content
in hexane or methylene chloride. By fractional alkali of 50%. | |
extraction, particularly with a solution of a basic potas- 15 | S
situm salt, a purified potassium hulupate can be ob- | EXAMPLES 3 10 11_ |
tained. By taking up the readily water-soluble product The following Examples 3 to 11 are presented in -
In propylene glycol, its utilizability for many purposes Table form. Where, in the second column of the Table,
can be further improved. the words “dissolved in . . . extracted” are shown, this
The followmg Examples illustrate the 1nvent10n 20 means that the starting material was dissolved in the
EXAMPLE 1 solvent indicated and extracted from the organic phase
. | - by the reaction media described in Columns 3 and 4.
A solution of 100 g of lupulone and 13.0 g of NaOH The reaction was carried out as indicated in Example 1,
in 1.4 I of methanol, which are contained in a flask and the same applies to the processing of the reaction
provided with an inlet for O, (G 3-filter candle), a 25 solution, except in Examples 7, 8 and 9.
~ magnetic agitator, and a water cooling bath, is exposed, - In Examples 7, 8 and 9, the combined hexane phases
after the addition of 1.4 g of methylene blue, to the = were extracted with 5.2 g of potassium hydroxide in 1.5
-radiation from a 1000-W metal halogen photographic | distilled water (Example 7), with 10.4 g of potassium
lamp. During the exposure the oxygen is vigorously carbonate and 7.5 g of tripotassium citrate in 2.4 1 of
circulated by a pump and the saturation of the solution 30 water (Example 8), and 6.8 g potassium hydrogen car-
with oxygen 1s assisted by agitation. After 2 hours 35 bonate in 1.3 | of water (Example 9). |
minutes and an oxygen consumption of 9.0 1, the reac- In Example 8, the alkaline extract of the reaction
tion 1s broken off, since a constant pH reading of 7.7 product was evaporated to dryness directly in vacuo at
and a considerable decrease in oxygen consumption a temperature of 60°C and yielded solid potassium
both indicate an optlrnal termination time. 35 hulupate; in Examples 7 and 9, the alkaline extract was
The reaction solution is acidified and extracted with mixed with 36 ml (Example 7) and 31 ml (Example 9)
hexane, and the hexane extract is dried, mixed with a of 1,2-propylene glycol, and the water evaporated. A
little activated charcoal, and filtered. After evaporation propylene egcol solution of potassium hulupate was .
| | thus obtained.
TABLE
Ex- Starting Reaction Reaction 0O, con-  Starting Final |
ample material Alkali medium Dye LLamp time sumption pH pH Yield
3 100 g lupulone 30 g 3.0 1. 500 g  1000-W | hr. 10.0 | 393 ¢
dissolved in NaOH -H,0 Bengal halogen = 30 min. hulupone
] .Lmethylene : pink metal
chloride, vapor
~ extracted lamp
4 -1 g lupulone 0.130g 35 m! H,O 10 mg 150 W 1 hr. 140 mi 12.3 6.6 approx.0.4g
NaOH + 35 ml thio- slide 45 min. , | hulupone
methanol nine pro- |
jector | | |
5 | T ' 35 ml H,O 16 mg o 2hrs. 136 ml 14 7.7 approx. 0.4
+ 35 mi methyl- | g hulupone
acetone ene blue |
6 ' ' 35 ml H,0 ' & & & e '’ approx.0.4 g
| + 35 mi hulupone
aceto- |
' nitrile |
7 120 g Basex = 11.3g - 0.61 H,O 360 mg 400 W 35 min. 6.5 1 13.8 8.3 22 g
49 g lupulone NaOH 1.2 1 methyl-  Na high ' K hulupate
dissolved in methanol ene blue pressure
] .8 1 hexane, lamp
- extracted . | B
8 - 200 g Basex = 188 g 1 1 H,O 600 mg 1000 W 2 hrs. 12,7 1 13.5 7.9 39.7 g
82 k lupu- NaOH 2 1 me- methyl-  halogen 35 min. | K hulupate
lone dissolved thanol - ene blue metal
in 3 | hexane, vapor
extracted lamp |
9 120 g Basex 11.3 g 0.6 1 H,0 360 mg 400 W 55 min. 6.2 1 7.8 24.1 g
= 49 g lupu- NaOH 1.2 1 methyl- halogen | K hulu-
lone in 1.8 methanol ene blue metal pate
| hexane, vapor
extracted lamp
10 250 g Basex 28 g 0.6 1 H.,O 755 mg ! 2 hrs. 14.1) 13.5 8.1 452 g
=975 g NaOH 1.2 1 methyl- 25 min. . | hulupone
lupulone methanol ene blue |
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- TABLE-continued
Ex- Starting . ; - “Reaction - Reaction - Opcon-  Starting '~ Final o
ample matenal Atkali medium Dye Lamp ttme  sumption pH pH Yield |
4 1 hexane, -
extracted B | - |
11 227 g Basex 38 g 241 - 112 mg. * . 70 min RINE 352g=
= 84 g lupu- - NaOQOH H.0 Bengal | : 53 of
lone dissol- C . pink - theory of
. vedim3sSi . SR - hulupone
hexane, | - | - |
extracted - - 3 |
EXAMPLE 12

An exposure apparatus provided with a gas inlet
(glass frit 63), a gas meter, a gas pump, a Philips HPK
125 W lamp, and a light filter, permeable to light of
400-800 nm, 1s filled with 200 ml of a solution of 4g

15

W -lamp was 'uéed as the light-_squrce. After the absérp-_. :

tion of 1 mole-equivalent of oxygen, the reaction is

broken off, and the reaction solution concentrated,

(10 millimoles) of colupulone mixed with 1.5 mL of 10 5
N caustic soda solution (15 millimoles). 40 mg of dye |
in 50 ml of solution are added thereto in each case. The

apparatus 1s evacuated and subsequently filled with
oxygen, and exposure is effected while a current of
oxygen Is passed through. The consumption of oxygen
per unit of time is measured, and after the absorption of
one mole-equivalent of oxygen the reaction is broken
off. The reaction solution is acidified and extracted
with hexane, and the hexane extract is dried, evapo-
rated, and weighed. |

- The results with different dyes and solvents are
shown in the Table below. It should be pointed out that
in these Examples it was not attempted to obtain maxi-

mum Yyields; it was merely desired to 1nvestlgate the

fundamental practicability of the process.

From the manufacturers’ information regarding emit-
ted radiation energy, the ¢ values (i.e. oxygen con-
sumption/irradiating energy) are calculated. If more
than one wavelength is absorbed by the dye, ¢ values

greater than 1 are obtained. In this case the mean ¢ 4

values are indicated in brackets.

—— Rl

Yield Hulupone
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Dye - Solvent g content % ¢ value
 1,8-dihydroxy- methanol 1.95 4.6 0.29 578 nm
anthraquinone *
1,8-dihydroxy- water 2.1 42.8 0.59 "
anthraguinone -
Rufianic acid . ' 3.32 25.2 0.39 '’
Fosin methanol 2.1 16.5 0.58 546 nm
Phloxin B " 2.1 42.8 0.66 '’
Erythrosine B ' 1.9 46.5 1.1 578 nm
' _ . (0.6) |
Bengal pink ' 2.0 354 1.65 '
. (0.9)
Thionin 2.8 15.9 0.1 '’
Methylene blue ' 2.8 342 0.23 '
Methylene green ! 2.0 34.2 15 "
Chlorophyllin ' 3.1 10 0.17 r
Zn-phthalocyanine ” 2.4 12.7 0.20 M
Safranine T ' 2.6 425 0.28 546 nm
Nile blue M 2.7 247 0.065 578 nm
'Rhodamine B a 2.4 . 33 - 0.14 546 nm
EXAMPLE 13

The procedure is as in Example 12, but for technical

reasons a larger apparatus is used. 4 g (10 millimoles)
of colupulone are dissolved in 1 liter of solvent, and
mixed with 1.5 ml of 10 N NaOH (15 millimoles) and
40 mg of dye (as shown at the end of this Example) in
250 ml of methanol. An Osram Na-V (sodium vapor 35

65

acidified with 2 N sulphuric acid, and twice extracted
with hexane. The combined hexane phases are dried,
evaporated, and weighed. The hulupone content 1s

determmed by titration.

Hulupone:
Yield content ¢
Dye Solvent g % NaV3isw

Methylene blue Methanol 2.7 42.6 .  0.32
Methyiene green . 3 29.4 0.15
Zn-Phthalocyanin 50%
sutphonic acid Methanol/ - |

water 3.32 13.5 0.39

EXAMPLE 14

To pmv:de a comparlson with a known process, the

~oxidation example of German Pat. (*‘ Auslegeschrift’’)

No. 1,300,485 was compared with the procedure ac-
cording to the invention. 20 g of a humulone-free hop
extract (“‘Basex’’) with a lupulone content of 41% was

used as the starting material. Details of the procedure
are given in the Table below.

Partial Oxidation

Oxidation according according to

to No. 1,500,485 invention
Starting 20.0g of 41% 20.0 of 41% **Basex”
material “Basex”
Chemicals 220 ml Tri 100 ml H,0/200 ml MeOH
required: - 980 ml O, 1.9 ¢ NaOH
90 mg methylene blue
Energy — 9 minutes exposure with
required: | HQI 400 W: 0.06 kWh
Time O, passed through O. passed through for
required: for 24 hours 9 minutes
Yield of 21% of theory 34% of theory
hulopone:

Not only does the process of the invention give better
yields than the procedures of the prior art, but it also
permits a substantial shortening of the reaction time
(24 hours: 9 minutes). The purity of the product is also
substantially better. The product is normally obtained
with a purity of about 60-80%, which is generally suffi-
cient for technical purposes. The purity can readily be
increased to 80—-90% if a slight reduction in yield is

accepted.

We claim:

. A process for the conversion of lupulones into a
hulupone-containing beer-soluble bitter-tasting prod-
uct, comprising:
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combining the lupulones and at least one sensitizing -

dye in a liquid alkaline medium adjusted to a start-
ing pH of 11-14; '-

oxidizing the lupulones by means ofa gas, consnstmg B

at least in part of oxygen, under the action of visi-

ble light; and |
discontinuing oxidation when the pH of the medium

has dropped to a value of 6.5-9 and at the same

time at least one of the following indications 1s

obtained: | |

1. the oxygen consumption resulting from the reac-
tion exhibits a substantial decline;

2. there is a break in the continuous fall of the pH
value.

2. A process as clalmed in claim 1, wherein the start-
mg pHis 12 to 13.

3. A process as claimed 1n claim 2 wherein the reac-

tion is allowed to proceed until the pH has reached a
value of 7.5 to &.5.

4. A process as claimed in claim 1, wherein the reac-
tion is carried out 1n a polar liquid medium.

5. A process as claimed in claim 4, wherein the reac-
tion is carried out in a medium selected from water,
alkanols, acetonitrile, acetone, and mixtures of water
with at least one solvent of the group comprising alka-
nols, acetonitrile and acetone.

10
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6. A process as claimed in claim 5, wherein the reac-

tion is carried out in a medium selected from methanol
and aqueous alkanols. |

7. A process as claimed in claim 1, wherein the reac-
tion is carried out while bubbles of gaseous oxygen are
introduced into the medium.

8. A process as claimed in claim 7, wherein the reac-
tion is carried out with agltatlon of the medium.

9. A process as claimed in claim 1, wherein said

sensitizing dyes are selected from the group consisting
of anthraquinone, dihydroxyanthraquinone substituted
with a sulphonic acid group, halogenated fluorescein
dyes, thiazine dyes, porphyrine dyes, saframne Nlle
blue and rhodamine.
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10. A process as claimed in claim 1, wherein substan-
tially humulone-free hop bitter extract is used as the
starting material. |

11. A process as claimed in claim 1, wherein a metal
vapor lamp is used as a light source.

12. A process as claimed in claim 11, wherein a so-
dium vapor lamp is used as a light source.

13. A process as claimed in claim 1, wherein a halo-
gen metal vapor lamp is used as a light source.

14. A process as claimed in claim 13, wherein a mer-
cury vapor lamp is used as a light source. |

'15. A process as claimed in claim 1, wherein the light
used and the dye used are selected to provide substan-
tial coincidence of a maximum of the spectrum of the
emitted light Wlth the absorptlon maximum of the sen-
sitizer.

- 16. A process as claimed in claim 1, whereln the
partial oxidation is carried out in the cold.

17. A process as claimed in claim 1, wherein the
reaction product is acidified and is subsequently ex-

‘tracted with an organic solvent and isolated after re-

moval of this solvent.

18. A process as claimed in claim 17, wherein the
reaction product after having been extracted with the
organic solvent, is re-extracted therefrom with an alkali
solution which is immiscible with the first solvent, and
the second solvent is removed, whereby the product is
obtained in alkali-salt form. -

19. A process as claimed in claim 18, wherein the

re-extraction is eftected with an alkali solution selected

from the group consisting of aqueous potassium hy-

droxide and aqueous potassmm bicarbonate.

20. A process as claimed m claim 19, wherein the
re-extraction is effected with buffering to a pH of 5 to

21. A process as claimed in claim 19, wherein the
alkaline re-extraction solution is mixed with propylene

glycol and the re-extraction medium then removed.
% % ok %k ok |
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